Fungi are one of the most species-rich and diverse groups of organisms on Earth, with forests ecosystems being the main habitats for macro-fungi. The Kilum-Ijim forest in Cameroon is a community forest populated by several species of plant and animal life forms; although macro-fungi are exploited for food and medicine, their diversity has not been documented in this ecosystem. Since anthropogenic impact on this forest may cause decline of macro-fungal diversity or extinction of known and previously undiscovered species, it is imperative to generate a checklist of the existing macro-fungi for use in the implementation of sustainable conservation and management practices. This study was therefore carried out to generate information on macro-fungal diversity in this forest. During a field study carried out between 2013 and 2015, 206 macro-fungi samples were collected and molecularly identified using the ribosomal ITS1, 5.8S and ITS2 regions. Sequence data analysis revealed that majority of the fungal isolates (87.93%) belonged to phylum Basidiomycota while 12.07% belonged to Ascomycota. Among the fungal genera detected, 18 are new records for Cameroon. This work represents the first comprehensive record of macro-fungi in Kilum-Ijim forest in Cameroon.
associations with roots of higher plants, facilitating uptake of phosphorus and nitrogen (Gates 2009 ). Macro-fungi also play vital roles in bio-degradation and bio-deterioration (Tibuhwa 2011) and are thus important ecosystem engineers. They are one of the richest and most diverse groups of organisms on earth (Seen-Irlet et al. 2007) . Wild edible mushrooms are of high socio-economic importance in both developing and developed countries. In Cameroon, edible and medicinal mushrooms are ubiquitous and constitute a substantial volume of internal trade especially by women in rural areas (Kinge et al. 2014) . Despite their importance, information on their diversity is scanty, especially in Africa (Xu & Cai 2015 , Osarenkhoe et al. 2014 ). Only about 6.7% of the one million species of fungi estimated in the world are currently described and these are mostly in temperate regions. The tropical region with the highest fungal diversity has not been fully exploited (Hawksworth 2001) . Although there are studies of macro-fungi in the domains of systematics, ecology, conservation, ethno-mycological surveys, nutritional studies and cultivation in Cameroon, just about 5% of the total tropical forest zone of 394.700km 2 has been studied (Kinge et al. 2014) . Macro-fungi identification has in the past been based mainly on comparative morphology. In Cameroon, few studies on macro-fungal identification have been carried out and most of these studies have been based on the use of their macro-and micromorphological and physiological characteristics (Douanla-Meli 2007, Kinge et al. 2013) . Often, this is a tedious, ambiguous, and time consuming method as many diverse fungi may have similar characteristics (Lian et al. 2008) . Information on macro-fungi identification using molecular tools in Cameroon is highly limited, with no published work on the macro-fungi of the Kilum-Ijim forest. Identification using molecular biology techniques provides quick and efficient methods (Fonseca et al. 2008) and is currently used in macro-fungi taxonomy. Many different gene sequences have been used as the basis for fungal molecular-based identification, including ribosomal RNA (rRNA). Internal Transcribed Spacer regions of rRNA genes are typically variable and as a result, useful for classification (Begerow et al. 2010) . Recently, the ITS region was selected as the universal genetic barcode for fungi (Schoch et al. 2012) . The main objective of this study was to identify macro-fungi using molecular techniques in order to produce a checklist of macro-fungi inhabiting the Kilum-Ijim forest. This is expected to provide information on edible and medicinal macro-fungi not yet adequately exploited, and may also provide direction towards domestication, conservation and commercialization of the wild species, for economic benefits, besides aiding molecular taxonomy. This is because the fungi are presently threatened by habitat degradation, climatic changes and anthropogenic activities.
Materials & Methods

Study site, sample collection and preparation
The Kilum-Ijim forest is located between latitudes 6°07´N and 6°17´N and longitudes 10°20´E and 10°35´E, covering an area of about 20,000 ha in the Northwest Region of Cameroon (Fig. 1) .
Sample collection and preparation
Five field surveys were conducted in the Kilum-Ijim forest from November 2013 to October 2015 during the beginning, middle and end of fructification time of different morphological types of macrofungi. A total of 206 samples of macrofungi were collected from their natural habitat. The fungi were labeled and immediately preserved after collection in aluminum foil and later dried in an open oven at 45-55 o C for 2-3 days. The dried samples were preserved using Silica gel in zip-lock bags pending molecular identification while duplicates were deposited at the University of Buea herbarium.
DNA Extraction and PCR amplification
Total DNA was extracted from powdered samples using the DNeasy ® Plant Mini Kit (QIAGEN ® Group) as per the manufacturer's protocol with minor modifications. The samples were ground in a geno-grinder at 1X rate (500strokes/minute) for 4 minutes using liquid nitrogen and glass beads to obtain a powder. Hard samples were ground manually with a mortar and pestle in liquid nitrogen. 400µL of buffer AP1 and 4µL of RNase were added into each tube, vortexed and incubated for 15 mins at 65 o C. Tubes were inverted 2-3 times during incubation. 130µL of buffer P3 was added and incubated on ice for 5 mins. Samples were subsequently centrifuged for 5mins at 20,000 × g. The lysate was pipetted into QIA shredder spin column placed in 2mL collection tube and centrifuged for 2mins at 20,000 × g. The flow through was transferred into new collection tubes without disturbing any pellet present. 1.5 volumes of buffer AW1 was added into each tube and mixed by pipetting. The mixture was then transferred into DNeasy Mini spin column placed in 2ml tube and centrifuged for 1min at 20,000 × g. Spin columns were removed and placed into new 2mL collection tubes. 750µL of AW2 buffer was added into the tubes and centrifuged for 1min at 20,000 × g. The flow through was discarded. The spin columns were again centrifuged for 1min at 20,000 × g to remove any residual ethanol from the column. The spin column was then transferred into 1.5 eppendorf tube. 50µL of prewarmed distilled water was pipetted into the spin column, incubated for 2mins at room temperature and centrifuged for 1min at 20,000 × g to elute DNA. DNA concentration and purity were determined by NanoDrop spectrophotometer (Thermo Scientific NanoDrop 2000) at absorbance (A260/280). The quality of DNA was visualized on a 0.8% agarose gel run at 7 V/cm for 45 mins. . It is found on Mount Oku with Lake Oku lying in a crater in its center (Fomété et al. 2001 ).
Amplification of the ITS1, 5.8S and ITS2 regions for assessing ITS length variation was done using primer ITS1F (5'-TCCGTAGGTGAACCTGCGG-3') (Gardes & Bruns 1993) and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') (White et al. 1990 ). PCR amplification was done using AccuPower ® Taq PCR premix (Bioneer, www.bioneer.com.) in a 20 µL reaction volume containing containing 50 ng template DNA, 0.18µM of each primer and 15.1µL Milli-Q water was added. The thermocycler settings were as follows: denaturation at 95ºC for 3 minutes; 35 cycles of denaturing at 94ºC for 30 seconds, annealing at 55ºC for 30 seconds, and extension at 72ºC for 1minute; and a final extension at 72ºC for 10 minutes. 2µL of each PCR product were electrophoretically separated on a 2% agarose gel prepared in 0.5X TAE to check the purity of the PCR product. The gel was run at 7 V/cm for 45 mins. DNA staining was done with 0.025X GelRed and photographed under UV exposure.
Sequence analysis
The PCR products were then purified using QIAGEN ® purification kit following the manufacturer's instructions. The purified PCR products were sent to Macrogen (Netherlands) for Sanger sequencing. Related gene sequences for each of the macrofungal specimen were obtained from NCBI GenBank using UNITE ITS Database and then, automatically aligned using CLC Main Workbench. Multiple sequence alignments were then performed in MEGA6 (Tamura et al. 2013 ) to allow maximum sequence similarity.
Results
DNA was successfully extracted and the ITS region amplified for all 206 samples, using the ITS1F and ITS4 primer pair. The sizes of this region were between 600-800 bp, which corresponded to the expected rDNA target region.
After blast search using available sequences in the GenBank, it was observed that the identified species belonged to two main phyla; Basidiomycota (87.93%) and Ascomycota (12.07%). The macrofungi were grouped into seven classes namely; Ascomycetes, Leotiomycetes, Pezizomycetes and Sordariomycetes for phylum Ascomycota and Agaricomycetes, Basidiomycetes and Dacrymycetes for phylum Basidiomycota. Of the 116 species (Table 1) , 95 (82%) were Agaricomycetes, while the Ascomycetes, Pezizomycetes and Dacrymycetes were least represented with 1% each (Fig 2) .
The identified species belonged to 15 orders, 36 families, 71 genera and 116 unique species. The Agaricales and Polyporales recorded the highest number of species representing 57% and 18%, respectively (Fig. 3) .
The most frequent families were the Polyporaceae with 14 species, while Agaricaceae and Psathyrellaceae were represented with 13and 11 species respectively (Fig. 4 ).
There were a total of 71 genera ( AJ608709 1 macro-fungi in Mount Cameroon region and Mbalmayo forest reserves, respectively. Identification of species was however mainly based on the use of macro and micro-morphological characters, which in most cases have their limitations in allowing a reliable distinction of intraspecific characteristics (Oyetayo 2014) . This study made use of molecular techniques, which is the method of choice for fungal identification (Schoch 2012) . The findings have revealed that majority of the species collected belong to the polyporaceae family, phylum Basidiomycota. This is in line with different studies carried out by Tadiosa et al. (2011 ), De Leon et al. (2013 and Rajput et al. (2015) , who reported higher numbers of species belonging to Polyporaceae in the province of Aurora, Central Luzon, Philippines and Gujarat State India, respectively. These findings are probably justified by the fact that most wood inhabiting species are polypores. Results also show that the highest occurring and most frequent species belong to the genera Favolaschia, Leucoagaricus, Marasmius, Polyporus, Lentinus, Podoscypha and Termitomyces. Some genera like Coprinus, Lepiota, Crepidotus, Ganoderma, Geastrum, Ramaria, Marasmius, Mycena, Polyporus, Trametes and Xylaria have been reported in previous works in Cameroon by Kinge et al. (2013) and Douanla-Meli (2007) . It is worth noting that genera like Abortiporus, Callistosporium, Coprinellus, Coprinopsis, Cordyceps, Cystolepiota, Chlorociboria, Crinipellis, Clathrus, Galerina, Laetiporus, Melanoleuca, Panaeolus, Parasola, Podosordaria, Physisporinus, Skeletocutis and Tubaria are all new records to the Cameroon macrofungal literature. Continuous surveys of the fungal diversity in an area can provide valuable information on the effects of increased human activity and may be an adequate indicator of regional climate change, including global warming (Vitousek 1994 , Frankland 1996 . It is therefore imperative that the diversity of fungi in different ecosystems be documented so as to help in the development of better strategies for management and conservation of these ecosystems (Molina et al. 2008 , Richard et al. 2004 ).
